ABSTRACT. Foliar sprays application is an important crop management strategy, which could help to maximize yield and other beneficial substances. Therefore, a field experiment was conducted at Kafrelsheikh University research farm, Egypt, to study the effect of stimulating compounds (control, salicylic acid and ascobien) and nitrogen levels (0, 57.5, 115, 172.5 and 230 kg N ha -1 ) on yield and nitrogen utilization efficiency of wheat. Results indicated that spraying of ascobien and increasing nitrogen level had significant effect on yield traits. Interaction between stimulating compounds and nitrogen were achieved progressive increases in all yield traits, furthermore, the magnitude of increments was much more pronounced in response to salicylic acid and control treatments in both seasons. It was observed no statistically significant difference between 172.5 and 230 kg N ha -1 in both seasons. A significant interactive effect were observed on grain N uptake, whole plant N uptake, nitrogen harvest index (NHI), nitrogen utilization efficiency (NU t E) and nitrogen use efficiency (NUE) by using foliar spraying combined with N fertilizer. Grain N uptake and whole plant N uptake were closely correlated with nitrogen under stimulating compounds, whereas ascobien with 172.5 kg N ha -1 was more effective than salicylic acid in both seasons. Interestingly, foliar spraying of ascobien and N level of 172.5 kg ha -1 was the optimal and could be a useful to improve the efficiency of N-fertilizer and it can be saved 57.5 kg N ha -1 . Consequently, could be the key to reduce the need for chemical fertilizers and decrease the cost of production.
INTRODUCTION
Wheat (Triticum aestivum L.) is one of the most widely grown and most consumed food crops all over the world. Moreover, it is one of the significant crops, playing important role in terms of economy, production, food, nourishment in the world (Varga et al., 2002; Bayaner, 2002) . Wheat is a major staple food crop for more than one third of the world population. Wheat is the major cereal cultivated in the Mediterranean region and represent strategic crops for food security across the whole area and the main staple food in Egypt (Ibrahim et al., 2014) . Wheat crop is considered the first strategic food crop in Egypt, since it constitutes the major part of the Egyptian diet. It has maintained its position as the basic staple food in urban areas and mixed with maize in rural areas for bread making. In addition, wheat straw is an important fodder (Gomma,1999; Gaballah and Mandour, 2000) . Wheat has a special importance in Egypt because the local production is not sufficient to meet the annual demands. The total cultivated area of wheat reached about 8.0 mha and the total production exceeded 8.8 million tons (FAO, 2012) .
Salicylic acid (SA) is watersoluble antioxidant compound, that can also regulate plant growth (Amin et al., 2008) . Salicylic acid (SA) positively influenced on plant growth and yield by regulating physiological processes in plant (Kowalczyk and Zielony, 2008) . It is reported that SA participates in the regulation of several physiological processes, such as stomatal closure, nutrient uptake, chlorophyll synthesis, protein synthesis, transpiration and photosynthesis of wheat ( Khan et al., 2003; Shakirova et al. 2003) . Sanjari et al. (2008) showed that sprayed SA on plants increased vegetative growth and yield components of wheat. Ascobien is a foliar nutrient, contain 13% citric acid, 25% ascobien plus 62% organic materials, acts as a primary substrate and a potential growth-regulating factor, which influences many biological processes (Podh, 1990) . Ascobien had a promotion effect on growth and active constituent's compounds on various plants (Sheteaw, 2007) . Ascobien has a synergistic effect on crops that functions as an antioxidant and also play an important role in vital processes in plants growth, such as cell growth and division, differentiation, and metabolism in plants (Pignocchi and Foyer, 2003) and minimizing the damage caused by oxidative stress (Smirnoff and Wheeler, 2000) .
Thus salicylic acid and ascobien might be enhanced the growth and yield components in wheat. N fertilization is the most effective nutrient element for the growth, yield and quality of wheat. Applications of nitrogen at early growth stages ensure sufficient canopy growth, containing high levels of stem carbohydrate, which is translocated to the developing grain during maturation resulting increased grain size and weight. This is particularly important in drought areas, where 60% of the grain yield could come from this store. Therefore, it is important to monitor plant nitrogen levels ensuring sufficient canopy growth at early and curtail the grain filling period of wheat plants. Nitrogen use efficiency in wheat may be low owing to losses of N by volatilization, denitrification, and leaching (Ercoli et al., 2012) . Thus, N application may be the latest compatible approaches, in order to reduce losses of unused N, as well as to improve efficiency of N fertilizer use and to obtain higher productivity (Raun et al., 2008) . Presently, Egypt is being faced by a problem arising from the shortage in local production of wheat in comparison with the increased level of their consumption. Therefore, using suitable agricultural practices, such as foliar spraying with using appropriate N fertilization level, may affect wheat productivity. Moreover, this can reduce input costs. Therefore, with keeping the above points in view, the present study was planned to improve and maximizing the productivity of wheat, under the environmental conditions of delta region, Egypt, by elucidating the role of spraying some antioxidants and different nitrogen levels on yield, yield component, nitrogen use efficiency and nitrogen utilization efficiency of wheat (Sakha 94 var.)
MATERIAL AND METHODS

Experimental setup, climate, soil growing conditions
This research was undertaken at Kafrelsheikh University research farm, Egypt (31°05'54.3"N, 30°57'19.4"E) , during two consecutive winter growing seasons in 2012-2013 and 2013-2014 . Climatic data were collected from Sakha agro-meteorological station, located 1 km from the experimental site, as given in 
Experimental design and treatments
The experiment was laid out as a randomized complete block design with a split plot with three replicates. Five N fertilizer rates (0, 57.5, 115, 172.5 and 230 kg N ha -1 ) were allocated to the main plots. Subplots were three foliar spraying applications ("tap water" control, salicylic acid and ascobien). Wheat plants were sprayed twice with salicylic acid and ascobien at the rates of 200 mg L -1 . The plants were sprayed after 30 and 45 days from sowing. The net experimental unit size (plot) was 10.5 m 2 (3 m width x 3.5 m long)
Plant materials
Wheat (Cv. 
Harvesting
Wheat grain yield (14% moisture), obtained by harvesting the center (2 m x 2 m) of the experimental unit, but yield components were determined from two outer rows within each plot. Plant samples collected at harvest were separated into grain and straw and electric oven-dried at 70°C for 72 h till constant dry weight, then were grounded in a mill to produce a fine powder, which is needed for the N analysis using the standard procedure of micro-Kjeldahl digestion with sulfuric acid. Wheat grain protein content was obtained by multiplying grain N content (%) by 5.75 (Halvorson et al., 2004) . The terminology of N efficiency indices is in accordance with Delogu et al. (1998) , Lopez-Bellido and Lopez-Bellido (2001) .
Measurements and calculations
Plants were sampled at harvesting stage. Plant height (cm), spike length (cm), number of spikelets /spike, number of grains per spike, 1000-grain weight, grain yield and straw yield, were counted in both seasons and grain yield was corrected to 14% moisture. Chlorophyll content (SPAD) of flag leaves was determined with a portable chlorophyll meter (SPAD-502, Minolta Camera, Osaka, Japan) (Castelli et al., 1996) at 120 days after sowing (DAS).
Then, N harvest index (NHI, %) at maturity was calculated (Jones et al., 1990) and also N uptake (kg N ha -1 ) in the straw or grains was calculated (Michael, 1978) as follows:
where, the total N uptake includes all N that accumulated in leaves, stem, shank, cobs, husk organs in addition to the grain N.
N use efficiency (NUE) was calculated as it is described by Azizian and Sepaskhah (2014) . In addition, N utilization efficiency was calculated as described by Haegele (Xu, 2006) .
where, GY t and GY c express the grain yield at different N treatments and control, respectively. While, NF t and NF c express the N applications for different N treatments and control, respectively.
where, GY t and GY c express the grain yield at different N treatments and control, respectively. While, N uptake t and N uptake c express the total N accumulation in whole plant biomass above ground (grains and stover) for different N treatments and control, respectively.
Statistical analysis
Data obtained from the current investigation were subjected to an analysis of variance (ANOVA), procedures according to Gomez and Gomez (1984) , using the MSTAT-C statistical software package. Different means were compared using Duncan's multiple range tests (1955) , when the ANOVA showed significant differences (p< 0.05).
RESULTS AND DISCUSSION
Effect of foliar spraying application and nitrogen fertilizer rates on wheat yield components in both of winter 2012 and 2013 seasons
As it can be seen from Tabs. 2 and 3 foliar spraying of SA and Ascobien and different levels of nitrogen caused significant effects on wheat growth and yield attributes in both seasons (Tabs. 2 and 3). Ascobien and salicylic acid treatment significantly increased wheat growth characters and yield attributes, as compared with control treatments in both growing seasons. Applying of 172.5 or 230 kg N ha -1 significantly increased wheat growth characters and yield attributes.
In this study, we observed that foliar spraying application by ascobien was produced the highest value from dry weight (410. Sadak et al., 2013; Abo-Youssef et al., 2015; Anis et al., 2015) . The importance of ascobien may be attributed to that its roles in biosynthetic pathways, detoxification, antioxidant biochemistry and redox homeostasis. The results has presented in Tabs. 2 and 3 implied that the effect of nitrogen fertilizer levels on growth and yield attributes were significant effects in the two growing seasons. It can be stated that all studied growth and yield attributes were significantly increased, as a result of increasing nitrogen fertilizer levels from 0 to 172.5 and 230 kg N ha -1 and the differences between them were obvious in both seasons. The highest values were recorded at 230 kg N ha -1 , but most of the cases there was no significant difference with the 172.5 kg N ha -1 in both seasons, except dry weight, chlorophyll content and number of spike m -2 in 2012 season. In this connection, Abou El- Hassan et al. (2014) and Hafez et al. (2014) pointed out that N fertilizer application significantly increased grain yield and its components, but the N effect depended on the availability of water before anthesis. The improvement of plant growth, this might be due to the well utilization of the supplied N in the metabolism and the meristemic activity, which, consequently improve growth and yield components, which contributed to the significant increase in wheat grain yield. These findings are in good agreement with those obtained by Hafez and Kobata (2012) promoted wheat grain yield, compared to control treatment with the same amount of N applied in 2012 and 2013 seasons. Moreover, it was found that increment by spraying treatment from ascobien was more effective than that sprayed from control or salicylic acid (Fig. 1) . It is clear that the beneficial effect of ascobien on producing vigour plants, as well as improving yield components surly reflected on improving production of wheat plants. It has also been observed by Franceschi and Tarlyn (2002), Noctor et al. (2012) , EL-Hosary et al. (2013) and confirmed our results, they concluded that ascobien and nitrogen fertilizer had promoting effects on grain yield, and it may be attributed to the enhancement of cell division and plant development. According to data in 2012 and 2013 seasons, grain N uptake and whole plant N uptake was highly influenced by increased N application rates. The rate of increase decreased with the increase in the amounts of applied N, and the increase by foliar spraying from ascobien was greater than that by salicylic acid and control treatment (Fig. 2) . The grain N uptake and whole plant N uptake was recorded the maximum value by application 172.5 kgN ha -1 with foliar spraying of ascobien estimated from the regression in Fig. 2 (Fig. 2) . Thus, the response of N uptake in grain and whole to foliar spraying was much lower in control treatment. Nitrogen uptake reflects the efficiency of the plant in obtaining N from the soil. Increased N uptake has been noticed as a strategy to increase NUE and NU t E by Raun and Johnson (1999) . Moll et al. (1982) confirmed that variation in N uptake by plants significantly influenced grain yield.
Lopez-Bellido and Lopez-Bellido (2001) also observed the similar results in wheat. Lee et al. (2004) showed that N uptake was positively correlated with dry weight and straw nitrogen content. In this connection, there was a positive correlation between N uptake and grain yield (Fig. 2) . The increases in N uptake in grains and whole plant due to foliar spraying of ascobien probably ascribed to its the role in cell division and enlargement, protein and nucleic acid synthesis and chlorophyll formation (Castelfranco and Beale, 1983) , as well as the ability of ascobien in induction of endogenous hormones, like GA3 and IAA (Amin et al., 2008; Abo-Youssef et al.,2015) .
The ameliorative effect of ascobien (ascobien + citric acid) on N uptake comes from the fact that they act as an antioxidant. Antioxidants ameliorate the damaging effect of water stress through interaction of antioxidant response and protection of membranes (Ekmekçi and Karaman, 2012; EL Sabagh et al.,2016 b ). As it can be seen from the ( Fig.  1) , NHI of wheat varied significantly influenced by different nitrogen levels and foliar spraying treatments. NHI reflects the grain protein content and, thus, the grain nutritional quality (Hirel et al., 2007) . NHI decreased by increasing N levels, and also foliar spraying applications of ascobien and salicylic acid (Fig. 2) . Montemurro et al. (2006) noticed that grain N uptake was positively correlated with yield, protein content and total N uptake and a significant positive correlation found in NHI, yield and total N uptake. The increase in NHI, without N fertilization, confirmed that N translocation to the grain is stimulated by low N availability in the soil, which is strongly associated with the report of Singh and Anderson (1973) . Foliar spraying by ascobien improved both N uptake and N partitioning efficiency to the grain, compared to control treatment. Possibly the reason for an increase of the grain higher sink size induces higher N demand by the grain, stimulating remobilization and N translocation to the grain (Moll et al., 1982) . When N level in the soil is a limiting factor, vegetative plant parts could have enough N to satisfy gain demand leading to lower NHI and higher grain N uptake (Sarandon and Gianibelli, 1990).
Nitrogen utilization efficiency
Nitrogen utilization efficiency reflects the ability of the plant to transplant the N uptakes into grain (Delogu et al., 1998) . It was found that NUtE had significant differences in wheat among N fertilizer levels, as well as foliar spraying application. This result suggested that utilization efficiency and partitioning of N from vegetative plant parts to the grain respond to N fertilizer level applied in wheat. However, Delogu et al. (1998) showed that NUtE decreased with increasing N fertilizer rates. The highest NutE was obtained the application of 57.5 kg N ha -1 (Fig. 3) . This was similar to Delogu et al. (1998) , who reported that NUtE was highest with the lowest N application. NUtE was reduced from 51 to 36% with foliar spraying of ascobien, and from 49 to 35% with foliar spraying of salicylic acid in both seasons. Foliar spraying of ascobien was mor effective than salicylic acid. N utilization efficiency was decreased by increasing N fertilizer levels and foliar spraying with ascobien has the potentiality to exert a suppressive or stimulative impact on NUtE of wheat in both seasons. Foliar spraying with ascobien was more effective in increase of NUtE, it might be due to ascobien enhanced the biosynthesis of chlorophylls, photosynthetic activity and played an important role to enhance the activity of enzymes responsible for drought resistance (Cherki et al., 2002) . In this study, ascobien significantly increased the number of spikes and grain number (Table 3) , with grain yield in (Fig. 1) and grain N uptake in (Fig. 2) . According to the aforementioned results, it could be said that foliar spraying with ascobien significantly increased NUtE in both seasons, compared with salicylic acid and control treatments. These findings are in good agreement with those obtained by Kord and Hathout (1992) . Grain N content in wheat depends on uptake of soil nitrate prior to flowering, continued uptake of nitrate during grain filling and remobilization of stored vegetative N. However, under condition of high N fertility and available soil moisture, post anthesis N uptake may increase substantially (Barbottin et al., 2005; EL Sabagh et al., 2015) . Palta and Filery (1995) reported that N utilization efficiency decreased, when the amount of applied N increased, N remobilized efficiently when plants exposed to lower N. Knowles and Watkins (1993) found that most of the N taken up by the wheat plants was translocated to the grain either, directly or by mobilization from other plant parts. One explanation for different in utilization efficiency is that the plant retained an higher amount of N at anthesis essential for physiological functions, However, retained N depends on cultivars and prevailing growth conditions, although genetic variability in nitrogen utilization has been reported (Mickelson et al., 2003) .
Nitrogen use efficiency
Nitrogen use efficiency and its relationship with nitrogen fertilizer levels and foliar spraying treatments in wheat subjected to water-restricted conditions after anthesis are shown in Fig. 3 . NUE varied markedly, ranging from 45 kg kg N -1 of foliar spraying ascobien plus the minimum fertilizer (57.5 kg N ha -1 ) condition to 35 kg kg N -1 by the maximum (230 kg N ha -1 ) condition along with ascobien, respectively the NUE was slightly lower (40~33 kg kg N -1 ), supplied with salicylic acid treatment, but the lowest value (36~29 kg kg N -1 ) was recorded under control. Ju et al. (2006) reports that NUE and exudation rate were associated with root activity, and observed the association of root activity with NUE of a cultivar. It was reported that the decreased accumulation of nitrogen before flowering could be caused by nitrogen volatilization from plant tissues and death of partial leaf and organ at postflowering stage (Jin and Mian, 2005) . The negative effect, caused by volatilization and accumulation at flowering stage, was larger than the positive effect of post-flowering dry matter production and N redistribution at high N rate, so NUE decreased with increasing N rates. In addition, a high indigenous N supply of soil (INS) resulted in higher N concentration in rice straw and produce the phenomenon of luxury consumption of N (Feng et al., 2006) .
The lower N use efficiency and its utilization from higher N level might result from greater leakage of N. The water leaked with N should increase when the amount of supplied water is greater than the water capacity of soils (Barrows and Kilmer, 1963) . The leaked N increased with the increasing N levels, but amount of leaked N from was lower with ascobien and salicylic acid, that means water enhanced the leakage of N. Hafez and Kobata (2012) reported that N leakage increased up to 50%, with lower N levels, but it increased only up to 10% at higher N fertilization. The strong inverse relationship was observed between NUE and both of N fertlizer levels, that is NUE decreased by increasing nitrogen application level (Fig. 3) . Foliar spraying of ascobien and SA increased the NUE and nitrogen utilization efficiency, but inverse relationship was observed with increased N levels in wheat plants. Ascobien performed better than salicylic acid for the aforementioned parameters in both season. Nitrogen use efficiency is also affected by N metabolic processes in which N transporters and enzymes that synthesize N-transport amino acids play critical roles (Yamaya and Oaks, 2004) . Recent advances in molecular approaches will facilitate better understanding of mechanisms regulating N uptake and N metabolism, leading to the identification of physiological traits responsible for superior NUE, although further studies are required to apply these approaches into practical breeding programs.
CONCLUSION
Considering the results of this study, both of nitrogen fertilizer and foliar spraying were significantly influenced yield, its components and N use efficiencies. Application of 172.5 kg ha -1 of nitrogen and foliar spraying of ascobien was produced the highest value from yield, its components and N use efficiencies in wheat. Interestingly, for maximizing the productivity and promoting N use efficiencies could be using at 172.5 kgha -1 of nitrogen fertilizer with combined of 200 ml L -1 ascobien, during the vegetative growth of wheat. Consequently, these treatments (ascobien) could play an important role in improving plant growth and yield, as well as enhancing of N use efficiency and N utilization efficiency of wheat and could be the key to reduce the need for chemical fertilizers and decrease the cost of production.
